ABSTRACT OBJECTIVES This study sought to evaluate the diagnostic yield of triple rule out (TRO) versus coronary computed tomography angiography (CTA) scanning in patients with acute chest pain enrolled in a large statewide registry.
aortic dissection (AD) (2) . When left undiagnosed, these are associated with increased mortality, poor prognosis, and malpractice litigation (5, 6 ).
In the evaluation of acute chest pain with low to intermediate risk of acute coronary syndrome, coronary computed tomography angiography (CTA) provides a time-and costefficient option in the evaluation of obstructive CAD, with a negative predictive value of nearly 100% (7) (8) (9) . In addition to its diagnostic role in evaluating chest pain, the prognostic utility of coronary CTA is increasingly being established (10, 11) .
Despite its improved diagnostic efficiency over traditional acute chest pain evaluation protocols, coronary CTA allows only a limited assessment of the pulmonary vasculature and aortic arch.
A triple rule out (TRO) coronary CTA protocol has thus been implemented (12, 13) . This protocol allows for simultaneous assessment of the thorax for CAD, PE, and AD with similar diagnostic yield, median hospital length of stay, and cost of care as with traditional coronary CTA protocols (14, 15) . Although image quality has been shown to be equivalent, this often comes at the cost of increased contrast volume and radiation exposure (14) (15) (16) .
This study was performed to compare the diag- Outpatient studies were excluded. IMAGE QUALITY. The quality of each study was rated by the reading physician at every site on a scale of 1 to 4. Excellent (a score of 1) was defined as complete absence of motion artifacts, excellent signal-to-noise ratio, and clear delineation of vessel walls, with the ability to assess luminal stenosis as well as plaque characteristics. Good (a score of 2) was defined as nonlimiting motion artifacts, reduced signal-to-noise ratio, and/or calcifications present, with preserved ability to assess luminal stenosis as well as plaque characteristics. Adequate (a score of 3) was defined as reduced image quality due to any combination of noise, motion, poor contrast enhancement, or calcium that significantly impairs ease of interpretation, but image quality is sufficient to rule out significant stenosis. Nondiagnostic (a score of 4) was defined as reduced image quality that precludes adequate assessment of stenosis in the majority of vessels (18) .
Individual readers based their rating on clinical impression; sample images were not provided.
ESTIMATION OF RADIATION DOSE. Radiation doses were estimated by previously described methods (19, 20) . Each scanner provided a protocol summary containing the dose/length product for each image series, which integrated estimated absorbed radiation in the x, y, and z directions based on the CT dose index volume. The total dose for the entire CT examination was then used to derive the effective radiation dose using the summed dose/length product multiplied by the European Working Group for Guidelines on Quality Criteria in Computed Tomography conversion coefficient (kappa ¼ 0.014 mSv/mGy$cm) (21).
STUDY ENDPOINTS. The primary endpoint of this study was diagnostic yield: a composite of coronary artery diameter stenosis >50%, PE, and AD. The threshold of 50% luminal narrowing was used because this often prompts further invasive or noninvasive coronary evaluation. Secondary endpoints included radiation dose, contrast volume, and image quality. Values are n (%) or n/N (%). *Greater than 50% stenosis in a major epicardial vessel (left main, proximal, and mid segments of the left anterior descending, left circumflex, and right coronary arteries and first and second diagonal and obtuse marginal branches).
(interquartile range: 3.9 to 11.6) (p < 0.0001) ( Table 4) .
For TRO, the median dose varied based on protocol and type of scanner; the lowest radiation dose was associated with high-pitch spiral scanning. Mean contrast volume was 27% higher for TRO than for coronary CTA:
113 AE 16 ml versus 89 AE 17 ml (p < 0.0001). Nondiagnostic or uninterpretable image quality was noted more frequently in TRO (9.4% vs. 6.5%; p < 0.0001) with similar reported reasons ( Table 5) . Results of the multivariable model found that the factors that contributed to poor image quality were higher heart rates, body mass index >30 kg/m 2 , valvular heart disease, congestive heart failure, higher contrast volume, and higher Framingham Risk Score ( Table 6 ).
DISCUSSION
In this statewide study, the overall diagnostic yield was similar between TRO and coronary CTA. TRO was associated with a slightly higher yield of PE and AD, but also with higher nondiagnostic image quality and radiation and contrast doses. These data suggest that although TRO is feasible, it cannot be recommended in all patients presenting with acute chest symptoms.
Clinical scenarios with the suggestion of increased risk of PE and/or AD in addition to CAD may present the best use for TRO.
Although the composite diagnostic yield in both groups were comparable, this was predominantly driven by obstructive CAD, which was 15 times that of PE and AD. Although PE and AD were infrequent, they were diagnosed more frequently in the TRO group, unlike a similar study comprising a smaller cohort of patients with similar risk profiles (14) . It is important to note that in that previous study, there was a lower diagnostic yield for PE in the coronary CTA group It is important to note that even though the rates of PE and AD on coronary CTA (with limited field of view) were lower than in dedicated protocols, they were high for unsuspected but clinically important diagnoses. However, >97% of TRO studies showed neither AD nor PE. These discordant findings between scan intention and results highlight the fact that the diagnosis of acute chest pain can be challenging, particularly because clinical presentations are often atypical or unclear.
The majority of the overall studies (64%) were performed in the ED. There was a statistically significant difference in the diagnostic yield of both PE and AD with TRO in the ED, but not among inpatients.
This could reflect alternate indications for ordering the study as an inpatient (for example, further Values are n/N (%).
Abbreviations as in Table 1 . evaluation of an equivocal stress test in the ED or clarification of an abnormal chest x-ray).
TRO was associated with higher median radiation doses and contrast volumes. Although the increased scan time and scan length required with TRO protocols are generally considered the main cause of an increased dose, the difference in scan length between coronary CTA and TRO in this study was only 3.6 cm.
These data suggest "overscanning" on coronary CTA or "underscanning" on TRO at least at some sites;
with rigid adherence to prescribed scan lengths, the difference in radiation dose could be conceivably higher. These data also demonstrate the overall ordering patterns of both protocols. Patients with higher pre-test likelihood of CAD underwent coronary CTA, whereas those with a lower likelihood underwent TRO. Thus, TRO included younger patients and more women, the specific populations in which radiation dose exposure must be limited (27) . Additionally, the diagnostic yield among women was onehalf of that in men. This finding highlights the fact that women more often present with atypical symptoms, but also received unnecessary radiation and contrast. Although the diagnosis of PE on TRO in the women who had the disease is a positive, the lack of such diagnoses in the majority of those scanned highlight the challenges and limitations of pre-test clinical identification of patients with potential lifethreatening conditions.
There have been extensive, successful efforts by the ACIC to optimize protocols to decrease radiation dose (28) . Our median radiation dose reflects both older and newer protocols. Most of the scans included in this study were performed using 64-slice scanners.
Centers using dual-source scanners capable of high-pitch scanning reported <50% of the median radiation dose. Also, low-dose protocols for 320-row scanners can decrease radiation exposure to <3.5 mSv and total contrast volume to 60 ml without sacrificing image quality (29) .
TRO was associated with a 45% higher frequency of nondiagnostic image quality compared with coronary CTA. Although the TRO scan type itself was not a significant predictor of nondiagnostic image quality on multivariate analysis, it is likely that this protocol is affected by the type of contrast bolus used as well as body habitus. Higher heart rates and ectopy (resulting in motion artifacts) and clinical conditions that may result in the patient's inability to lie flat were found to be significant predictive (25, 26) . STUDY LIMITATIONS. The most important limitation of this study is its inability to distinguish the source of the increased diagnostic yield of TRO for PE and AD. There are 2 possibilities: 1) physicians appropriately selected patients for TRO, yielding a higher incidence of PE or AD; or 2) the TRO procedure has a higher sensitivity due to a contrast bolus appropriately timed for right-sided circulation. We were able to retrospectively evaluate 8 of 17 patients in the TRO group who had PE and found that each had filling TRO ¼ triple rule out. Coronary CTA and Triple Rule Out Diagnostic Yield
